Abstract-The effects of three calmodulin antagonists on rat parotid amylase release were investigated in vitro using a dispersed acinar cell preparation. The results suggest that the calcium-calmodulin system may play a role in the exocytotic process of amylase release from the rat parotid gland.
Abstract-The effects of three calmodulin antagonists on rat parotid amylase release were investigated in vitro using a dispersed acinar cell preparation. The potent calmodulin antagonists, trifluoperazine (TFP) and N-(6-aminohexyl)-5-chloro-1 naphthalenesulfonamide (W-7), inhibited both 1 i M isoproterenol (ISO) and 1 mM dibutyryl cyclic AMP (DBcAMP)-stimulated amylase release in a dose dependent manner at concentrations of 25-100 SaM. The IC50 values for the ISO-stimulated amylase release were 22 /iM with TFP and 42 ,uM with W-7, and the values for the DBcAMP-stimulated release were 25 ,aM and 48 ,aM, respec tively. The weak calmodulin antagonist, N-(6-aminohexyl)-1 -naphthalene sulfonamide (W-5), caused only slight inhibition at a concentration of 100 ,WM. These calmodulin antagonists only had a very small effect on the spontaneous release of lactate dehydrogenase.
The results suggest that the calcium-calmodulin system may play a role in the exocytotic process of amylase release from the rat parotid gland.
Amylase release from the rat parotid gland is primarily induced by (3-adrenergic receptor stimulation, causing an increase in the cellular level of cyclic AMP. Depletion of intracellular Ca2+ by incubation of rat parotid slices in media containing EGTA decreases the amylase release stimulated by (3-adrenergic agonists and cyclic AMP derivatives (1) (2) (3) . These secretagogues increase the 45Ca efflux from rat parotid slices or dissociated acinar cells (2) (3) (4) (5) . Therefore, calcium may also be important in the exocytotic process.
Since Cell preparation: Male Wistar strain rats, weighing about 250 g, were anaesthetized with ether and killed by cardiac puncture. Dispersed parotid acinar cells were prepared according to the method of Takuma and Ichida (11). In this method, parotid glands from one rat were excised, minced finely and incubated for 60 min at 37°C in 10 ml of Hanks' balanced salt solution buffered with 20 mM Hepes-NaOH, pH 7.4, (HBSS-H) containing collagenase (114 units/ml) and hyaluronidase (0.25 mg/ml) under 95%02 5% CO2. At 20 min intervals, the minced tissue was gently pipetted and gassed. Thereafter, the cells were filtered through two layers of gauze, washed twice with HBSS-H con taining 0.1% bovine serum albumin and suspended in 20-30 ml of the same medium for assaying the amylase or lactate de hydrogenase (LDH) release.
Assay of amylase release: A 0.98 ml aliquot of cell suspension was mixed with 20 /cl of secretagogue and other test sub stances, and immediately incubated for 30 min at 37'C. After incubation, the medium was collected by filtration through filter paper (Toyo Roshi, Tokyo, Japan). For deter mination of total amylase activity in the cells before the addition of test substances, a portion of the cell suspension was homo genized with a glass-Teflon homogenizer. Aliquots of these samples were diluted with 0.9% NaCI, and the amylase activity in the diluted samples was measured by the method of Bernfeld (12). Parotid cells prepared here contained a total amylase activity of 50-80 units/mg of cell protein (one unit=mg of maltose formed per min at 37°C). Amylase activity released during the 30 min incubation was expressed as % of the total amylase activity.
Statistical significance of difference was determined by Student's t-test.
Assay of LDH release: The LDH release was assayed by a protocol similar to that for amylase release except that the samples were not diluted. LDH activity was measured by the method of Stolzenbach (13).
Results
From preliminary experiments, 1 /cM ISO and 1 mM DBcAMP were chosen as the doses for submaximal stimulation in this study. Figure 1 shows the effects of TFP, W-7 and W-5 on amylase release from rat parotid acinar cells stimulated by ISO. TFP and W-7, two potent calmodulin antagonists, at con centrations of 25, 50 and 100 ,aM reduced the ISO-stimulated amylase release in a dose dependent manner ( Fig. 1A and B) . The apparent IC50 values (concentration pro ducing a 50% inhibition) of TFP and W-7 were estimated to be approximately 22 ttM and 42 aM, respectively. In contrast, W-5, a chlorine-deficient analogue of W-7, had only a weak inhibitory effect at the concentration of 100 ,uM (Fig. 11C) . When the calmodulin antagonists were added to the incubation medium in the absence of ISO, the amylase release was somewhat elevated (closed circles in Fig. 1 ). The effect of W-7 on the release was not different from that of W-5, while TFP had a more considerable effect at a concentration of 100 /,M. As calmodulin-dependent adenylate cyclase has been shown to be present in mouse parotid gland (14), it is possible that TFP and W-7 affect ISO-stimulated amylase release through inhibition of cyclic AMP formation. We therefore examined whether the calmodulin antagonists suppressed DBcAMP-stimulated amylase release. As shown in Fig. 2A and B, TFP and W-7 inhibited the DBcAMP-stimulated amylase release at rates similar to those observed in the case of ISO-stimulated release. W-5 showed only a limited inhibitory effect (Fig.  2C) 
Discussion
We have clearly demonstrated that two structually different calmodulin antagonists, TFP and W-7, inhibit amylase release from rat parotid acinar cells stimulated by ISO and DBcAMP. In contrast, W-5, which has a lower affinity for calmodulin than does W-7 (15), only weakly affected the stimulation of amylase release. It is known that calmodulin antagonists, especially TFP, at high concen trations cause cell membrane disruption (8, 16,17). In this study, however, the calmodulin antagonists had little effect on the spon taneous release of amylase and LDH except for 100 ,uM TFP. This permits the conclusion that the inhibitory effect of TFP and W-7 on the stimulated amylase release is not due to nonspecific membrane disruption.
slices. Calmodulin may be involved in the exocytosis of parotid amylase at a step distal from cyclic AMP metabolism, although we cannot rule out the possibility that calmodulin interacts with adenylate cyclase.
It is unknown why, unlike our data, in two previous reports (8, 10) TFP did not inhibit parotid amylase release stimulated by DB cAMP. The discrepancy may be caused in part by a difference in methodology, because in the studies minced tissue or whole glands were used without dissociating acinar cells.
Recently, using the calcium indicator quin-2, it has been reported that ISO does not increase the concentration of cytosolic free Ca2+ in rat parotid cells in the absence of extracellular Ca2+ (25). Furthermore, cyclic AMP has been shown not to evoke 45Ca release from saponin-permeabilized parotid cells (11). These data are in conflict with many previous results (2-5) which demon strated that ISO or DBcAMP mobilized Ca2+ from intracellular Ca2+ pools. The clarification of Ca2+-metabolism is important for determin ing the involvement of calmodulin in exo cytotic process. Therefore, further studies should be performed to define links between Q-adrenergic receptor stimulation and Ca2+ mobilization in the parotid gland. 
